RUN 2 B sensors, 15 MRAD.
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5o

a3 8 GeV.

O 1.2E12 p/cm2 every 1.5
sec.

@3 Toroid (proton flux
control).

Cooling box.
[ Remote control.

3
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Setup for laser measurements.
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5o

I/A vs Vbias at normalized T=11C, 10Mrad

Comparison (10 Mrad, -12 C normalized)
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5o

Comparison (10 Mrad, -12 C and 11 C)
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5o

Leak. Current at Ud. versus integrated dose (Hamam. 144).
100 S
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L eakage current when Beglued to Si.

Ex

ELMA 212 , measured at -12 C 5 MRad
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ELMA 211, measured at -12 C 5 MRad
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Depletion voltage.
Comparison at 10 Mrad
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Depletion voltage, ELMA

ELMA 236 ELMA 233
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Depletion voltage, Hamamatsu.

600
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Ex

Depletion voltage, Micron .

MICRON 4C OX

—e— Before, Vdep=75V —=—5 Mrad, Vdep=190V —=— 10 Mrad, Vdep=340V —<— 15 Mrad, Vdep = 370
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Depletion voltage Micron 4 D, 10 MRad

MICRON 4D oxygenated

|+ Before, Vdep=130V —=— 5 Mrad, Vdep=200V —&— 10 Mrad, Vdep=300V
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Depletion voltage ST

Ex

ST-230W2D6

—e— Before, Vdep=115V —=— 5 Mrad, Vdep=120V

10 Mrad, Vdep=280V
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Depletion voltage vs accumul ated dose

700
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100

Depletion voltage vs dose
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5o

From RD48 3 Status Report CERN/LHCC 2000-009, N, corresponds to the
short term beneficial annealing phase, N . corresponds to the stable damage part and N
isfor long term reverse annealing.

Vdep= qo/( 2eeo) 1/ZNeffl/zd2
DNeff(Feqvt(Ta)):NA(Feq’t(Ta))+NC(Feq)+NY(Feq1t(Ta))

The solution of this equation for V (4( t) is based on this RD48 approximation,

Viglt) =Vg+V exp(-t/tg)+V,(1l-exp(-t/t_) ), t° timein days

Vs correspondsto N (F o) ===> Stable damage.

V, = 80V corresponds to N, = Short term beneficial annealing.
V, = 480V correspondstoNy = Reverse annealing component.

Vs=V,exp(-3*10 " 1¥)YF)+bFwithV ,=200V and b=1* 102 is based on the
INP MSU Preprint 2000 - 7/611.

The time constants are taken from ATLAS R&D report.

ts=70exp(-0.175 T(°C) ), t, = 9140 exp(-0.152 T(°C) )

T(°C ts t,

)

-10 403 41800
-5 168 19500
0 70.0 9140
S 29.2 4270
10 12.2 2000
15 5.07 935
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Depletion Voltage, 15 mm
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S

Depletion Voltage, layer 03
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Depletion Voltage, layer O5
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Detector’s
1D

Elma 236(ox)low

Elma 233(ox)low

Micron 1962 4-C
(0x)

HAM.0144

No info

HAM.0077
No info

HAM.0134

No info

St 230W3D4

10 Mrad

Elma 6-2 (non.
Ox.) 10 Mrad

Victor Rykalin, Run 2 B meeting

1. (Ud)/cm2
before
(+11 0

0.68 nA

0.68 nA

8.8 nA
26.6 nA
2.7 nA
70 nA

0.5 nA

3.3 nA

I L/cmZ(Ud)
after(-12 C)

22 mMA

14 mA

18 M
20 nA
18 mA
24 nA

14 mA

11.6m

ud

5o

7

Ud after 15

before MRad (+ 5 C)

25V

28V

120V

40V

60V

75V

125V

0V

625V

650 V

370V

550V

410 V

460 V

280V

300V
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30 MRAD

[~ T"2 exp(-Eg/(KT)), Eg = 1.12ev, k = 8.614e-5 ev/K
[2/11 = (T2TL)"2 * exp(-Eg/(2k*T2))/exp(-Eq/(2k*T1))

Egl(2K)=

T=-10C
d(mm)
15
20

30
40
50
60

5
100
145
165

T=5C
d(mm)
15
20

30
40
50
60

&)
100
145
165

6501.045

Mrad
29.97
18.49
9.35
5.77
3.97
2.92
2.01
1.24
0.66
0.53

Mrad
29.97
18.49
9.35
5.77
3.97
2.92
2.01
1.24
0.66
0.53

lat-12C =

720

Vdep(V) | /strip(nA) ENC, e-

1013.66
634.58
333.24
214.93
155.41
120.89

90.77
65.39
46.71
43.18

883.5
544.9
215.7
170.1
116.9
86.1
59.2
365
195
15.7

900.0
706.8
502.8
394.8
3274
2809
2329
1829
1338
120.1

Vdep(V) | /strip(nA) ENC, e-

1179.52
800.43
499.09
380.79
321.27
286.75
256.63
231.25
212.57
209.04

3746.6
2310.7
1169.3
7211
495.7
364.9
2508
1547
829
66.7

18533
1455.5
10353
813.1
674.1
578.4
479.5
376.6
2156
2473

Victor Rykalin, Run 2 B meeting

d(mm)
15
20
30
40
50
60
75

100
145
165

T=10C

d(mm)
15

20

30

40

50

60

75
100
145
165

Mrad
29.97
18.49

9.35

5.77

3.97

2.92

2.01

1.24

0.66

0.53

Mrad
29.97
18.49

9.35

5.71

3.97

2.92
2.01
1.24
0.66
0.53

Vdep(V)I,/strip(nA) ENC, e-

1039.33  1455.0
660.25 8974
35891 4541
24060  280.1
181.08 1925
14656 1417
116.44 97.4

91.06 60.1
72.38 32.2
68.85 25.9

Vdep(V),/strip(nA)

1306.19  5869.0
927.10  3619.6
625.76 18316
50746  1129.6
44794 7765
41341 5716
38330 3929
35792 2423
339.24 1298
33570 1045

1155.0
907.0
645.2
506.7
420.1
3604
298.8
2347
1718
1541

ENC, e-
2319.6
1821.6
12958
1017.6

843.7
723.9
600.2
4713
345.0
309.5

30 MRAD

T=0C

d(mm)
15

20

30

40

50

60

75
100
145
165

T=20C

d(mm)
15

20

30

40

50

60

75
100
145
165

Mrad
29.97
18.49
9.35
5.17
397
2.92
201
124
0.66
0.53

Mrad
29.97
18.49
9.35
5.77
397
2.92
201
1.24
0.66
053

5o

Vdep(V) | /strip(nA) ENC, e-

1090.14
711.05
409.71
29141
231.89
197.36
167.25
141.87
123.19
119.65

23544
1452.0
734.8
453.2
3115
2293
1576
97.2
52.1
419

Vdep(V) | /strip(nA)

1465.67
1086.59
785.25
666.94
607.43
572.90
542.78
51741
498.73
495.19

9665.0
5960.8
3016.3
1860.3
1278.7
9413
647.0
399.1
2138
1721

1469.1
11538
820.7
644.5
534.4
458.5
380.1
2985
218.5
196.0

ENC, e
2976.7
2331.7
1662.9
1305.9
1082.7

929.0
710.2
604.9
442.7

2



20 MRAD
T=-10C
Mrad

19.98
12.32
6.24
3.85
2.64
195
1.34
0.83
0.44
0.36

T=45C
Mrad
19.98
12.32

6.24
3.85
2.64
1.95
1.34
0.83
0.44
0.36

Victor Rykalin, Run 2 B meeting

Vdep(V) | /strip(nA) ENC, e-

677.90
425.18
224.29
145.42
105.74
82.12
62.65
4578
35.60
36.15

8835
363.3
1838
1134
719
54
394
243
130
105

900.0
5711
410.5
3224
267.3
2293
190.1
1493
109.3

98.0

Vdep(V) | /strip(nA) ENC, e-

796.69
54397
343.07
264.20
224.52
201.51
181.43
164.57
154.39
154.93

3746.6
1540.5
7195
480.8
330.5
2433
167.2
1031
55.2
445

18533
1188.4
845.4
663.9
5504
4723
3915
307.5
2250
201.9

20 MRAD
T=5C

d(mm)

15

20

30

40

50

60

75

100

145

165

T=10C

d(mm)
15

20

30

40

50

60

75
100
145
165

Mrad

19.98
12.32
6.24
3.85
2.64
195
1.34
0.83
0.44
0.36

Mrad

19.98
1232
6.24
3.85
2.64
195
1.34
0.83
0.44
0.36

Vdep(V)l /strip(nA) ENC, e-

693.52
440.79
239.90
161.03
12135
98.33
78.26
61.39
51.21
51.76

1455.0
598.2
302.7
186.7
128.3

94.5
64.9
40.1
215
173

1155.0
740.6
526.8
4137
343.0
294.3
2440
1916
140.2
125.8

Vdep(V)l /strip(nA) ENC, e-

905.85
653.12
452.23
373.36
333.68
310.66
290.59
213.72
263.54
264.09

5869.0
24131
12211
753.1
517.6
3811
261.9
161.5
86.5
69.7

2319.6
1487 4
1058.0
830.9
688.9
591.1
490.0
384.8
2817
252.7

T=0C

d(mm)
15

20

30

40

50

60

75
100
145
165

T=20C

d(mm)
15

20

30

40

50

60

75
100
145
165

20 MRAD

Mrad

19.98
12.32
6.24
3.85
2.64
1.95
1.34
0.83
0.44
0.36

Mrad

19.98
12.32
6.24
3.85
2.64
1.95
1.34
0.83
0.44
0.36

5o

7

Vdep(V) I, /strip(nA) ENC, e-

729.37
476.65
215.16
196.89
157.21
134.19
11411

97.25

87.07

81.62

2354.4
968.0
489.8
302.1
207.7
152.9
105.1

64.8
347
219

Vdep(V) I, /strip(nA)

1121.59
868.86
667.97
589.10
549.42
526.41
506.33
489.47
479.28
479.83

9665.0
3973.9
2010.9
1240.2
852.5
627.6
4314
266.0
1425
114.7

1469.1
942.0
670.1
526.3
436.3
3744
3104
2437
178.4
160.0

ENC, e-
2976.7
1908.7
1357.8
1066.3

884.0
758.5
628.9
493.9
361.5
324.3
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15MRAD

T=-10C

d(mm)
15

2

30

40

50

60

75
100
145
165

T=5C

d(mm)
15

2

30

40

50

60

75
100
145
165
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Mrad

1499
9.24
468
2.88
198
146
1.00
0.62
0.33
0.27

Mrad
14.99
9.24
468
288
198
1.46
1.00
0.62
0.33
0.27

Vdep(V)l /strip(nA) ENC, e-

51228 8835
3274 2125
1207 1379
11291 850
8316/ 584
6589 43.0
5084 296
358 182
36.18 98
40.78 19
Vdep(V)l,/strip(nA)
60172 37466
41218 11554
26151 5846
20236 3606
17260 2478
15534 1825
14029 1254
12803 773
12562/ 414
13023 333

900.0
499.8
355.5
219.2
2315
198.6
164.7
129.3

94.6

84.9

ENC, -
18533
10292
7321
5749
4767
409,
3391
266.3
1949
1749

15 MRAD

T=-5C

d(mm)
15

20

30

40

50

60

75
100
145
165

T=10C

d(mm)
15

20

30

40

50

60

75
100
145
165

Mrad

14.99
9.24
4.68
2.88
1.98
1.46
1.00
0.62
0.33
0.27

Mrad
14.99
9.24
4.68
2.88
1.98
1.46
1.00
0.62
0.33
0.27

Vdep(V)l /strip(nA) ENC, e-

52049
330.95
180.28
121.12
91.36
7410
59.05
46.79
44.39
48.99

1455.0
448.7
221.0
140.0

96.3
70.9
48.7
30.0
16.1
13.0

Vdep(V)l,/strip(nA)

694.91
505.37
354.70
295.54
265.78
248.52
23347
22121
218.81
22341

5869.0
1809.8
9158
564.8
388.2
285.8
196.5
121.2
64.9
52.2

1155.0
641.4
456.2
358.3
297.1
254.9
2113
165.9
121.5
109.0

ENC, e
2319.6
1288.1
916.3
719.6
596.6
511.9
4244
3333
2439
2188

15MRAD

T=0C

d(mm)
15

20

30

40

50

60

75
100
145
165

T=20C

d(mm)
15

20

30

40

50

60

75
100
145
165

Mrad

1499
9.24
4.68
2.88
1.98
1.46
1.00
0.62
0.33
0.27

Mrad
14.99
9.24
4.68
2.88
1.98
1.46
1.00
0.62
0.33
0.27

5o

Vdep(V)l,/strip(nA) ENC, e-

548.05 23544
3851 726.0
20784 3674
14868 2266
11893 1557
10066 1147
86.61 788
7435 486
719 260
7655 210
Videp(V)1,/strip(nA)
93396  9665.0
14442 2980.4
593.75  1508.1
53460  930.1
50484 639.3
48757, 470.7
47253 3235
46026 199.5
45786 106.9
46247 86.0

1469.1
815.8
580.3
455.8
3779
324.2
268.8
2111
154.5
138.6

ENC, e
2976.7
1653.0
11758
923.4
765.6
656.9
544.6
1.1
3130
2808
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